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Leaf characteristics of mature 2, 3 and 4-year-old North American ginseng (Panax quinquefolius L.) leaves on fruiting and non- 
fruiting (NF) plants were studied. Leaflets of the 2-year-old plants had the lowest fresh and dry weight, area, volume and internal 
gas volume. Inflorescence removal in 3-year-old plants did not affect leaf characteristics or ginsenoside concentration but in 4-year- 
old plants it increased leaf fresh (38.6%) and dry (43.9%) weight, leaf area (29.1%), specific leaf mass (11.4%), leaf volume 
(43.1%), and leaf thickness (12.1%), and decreased leaf water content (6.2%). Cultivated ginseng, although an understorey plant, 
had the specific leaf mass, 35.6 g m 2 (range, 36 to 39 g m~ 2 ) and a chlorophyll a/b ratio of 2.40 to 2.61, both suggesting the ability 
to perform like a sunny habitat plant. Also, specific leaf mass of 35.6 g rn 2 is similar to that reported for perennial plants, 36.8 g m" 2 , 
rather than that for annuals, 30.9 g m" 2 . 
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INTRODUCTION 



North American ginseng (P. quinquefolius L.) is an 
understorey herbaceous perennial which is native to 
the hardwood forests of north-eastern North America. 
In cultivation of ginseng the environmental regime of 
the hardwood forest is simulated by erection of shade 
and addition of mulches [1-3]. The ginseng plant is well 
adapted to its artificial shade environment provided that 
certain light requirements are maintained. For instance, 
during the growing season only one set of leaves is pro- 
duced [4] and root growth (economic yield) [5] depends 
solely on these leaves. If these leaves are exposed to full 
rather than the usual 25% of sunlight photoinhibition and 
chlorophyll bleaching take place rapidly [2,6,7]. 



Ginseng leaves growing in a shaded field environment, 
or in the forest understorey, are likely adapted to low 
light conditions [8]. For instance, such leaves have low 
photosynthetic rates [9], may contain more chlorophyll 
per reaction center and have a smaller chlorophyll a/b 
ratio [10], and may be thinner than leaves growing in full 
sun [11]. 

Proctor and Bailey [2] reviewed leaf and leaflet 
complement in ginseng of different ages. However, apart 
from leaflet stomata density, they did not discuss mor- 
phological characteristics. Leaf area of ginseng has been 
reported [12] but internal structure has not although it has 
implications for leaf photosynthesis. Manual inflores- 
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cence removal increases ginseng root yield by 26% [13] 
but nothing is known about the effect of this removal on 
leaf physical properties. We therefore addressed these 
characters in these studies. 

The medicinal value of ginseng is attributed mostly 
to a group of triterpene saponins known as ginsenosides 
[14]. Over 30 ginsenosides have been isolated from 
roots, leaves, stems, flower buds and berries have the 
highest concentration in leaves [15]. Ginsenoside content 
varies depending on plant part and age [15], fertility level 
[16,17], harvest date [18] and light levels [19]. The effect 
of the established practise of manual inflorescence re- 
moval to increase root yield [13] on ginsenoside content 
has not been reported so was investigated in this study. 

In summary, this study was undertaken to compare 
morphological characteristics of ginseng leaves of differ- 
ent ages, and to study the effect of inflorescence removal 
on these characteristics and on ginsenoside content. 

MATERIALS AND METHODS 

Plant material and physical measurements 

Leaves from 2-, 3-, and 4-year-old plants, which had 
been established at a seeding rate of 90 kg-ha" 1 and grown 
using standard North American techniques and cultural 
measurements [20], were collected in mid-season [4]. 
For the purposes of this experiment, five leaf categories 
were established: leaves on 2-year-old non-fruiting (NF) 
plants; leaves on 3-year-old fruiting (F) and NF plants; 
and leaves on 4-year-old F and NF plants. Leaves were 
harvested from plants in a completely randomized de- 
sign under sunny conditions between 1,000 and 1,200 
HR. Three harvests were made, approximately one week 
apart. As leaves were harvested they were sealed in plas- 
tic bags which were placed in ice-cooled containers for 
transportation from the field to the laboratory. 

In the laboratory the leaves were separated into their 
leaflets. Two-year-old plants had two leaves each with 
3 to 5 leaflets, rarely 4 leaflets; three- and four-year-old 
plants had 3 and 4 leaves, respectively, each with 3 to 
5 leaflets [4,12]. The central leaflet of the 3 or 5 leaflets 
was used in all measurements as it was found representa- 
tive of the compound leaf. Twelve leaflet characteristics 
were measured (Table 1). Fresh weight (FW) measure- 
ments, after petioles were removed, were recorded and 
leaf area was measured using a LI-3000 area meter (LI- 
COR Lincoln, NE, USA) fitted with a LI-3053 transpar- 
ent belt accessory. Leaf chlorophyll a and b were deter- 
mined by extraction using 1.5 cm diameter tissue discs 
in 85% boiling ethanol [21] and measuring absorption on 



a Milton Roy Spectronic 1 00 1 Plus spectrophotometer 
(Rochester, NY, USA). 

To determine total leaf volume and internal gas vol- 
ume, a technique based on Archimedes' principle [22] 
measured the buoyant force acting on leaves submerged 
in liquid. After a leaf was weighed in air (FW), it was 
dipped in a 0.05% (v/v) aqueous solution of the surfac- 
tant, Triton X-100, which prevents air bubbles from ad- 
hering to the leaf surface when submerged in water and 
avoids an overestimation of leaf volume. The leaf weight 
was then determined in distilled water (p water =1.0 g-cm 3 ) 
by suspending the leaf from a wire and leaf clamp con- 
nected to a built-in hook on the bottom of a pretared pan 
balance (PE 360; Mettler Instrument Corp., Hightstown, 
NJ, USA). Finally the leaf was placed in a desiccator, to- 
tally submerged in a Triton X-100 0.05% (v/v) solution. 
A vacuum of approx. 500 mm mercury was applied for 
30 seconds and released three times while the tissue was 
being agitated. The infiltrated leaf was then reweighed 
submerged in water as described above. Following these 
procedures, leaves were placed in an oven at 80°C and 
dried to constant weight. Leaf water content (LWC) on a 
dry weight basis was calculated. Leaf thickness was cal- 
culated from area and volume data [22]. 

Ginsenoside extraction, purification and analysis 

Dried root and leaf samples from flowering (F) and 
non-flowering (NF) plants were ground and screened to 
obtain homogeneous samples. The inflorescences were 
removed during bloom either manually or by a spray of 
Ethephon at 1,500 mg L" 1 as outlined by Fiebig et al. [23]. 
The method for ginsenoside extraction, purification and 
quantification was similar to those described previously 
[15,24]. This method allows detection of the six major 
ginsenosides, Rb ls Rb 2 , Rc, Rd, Re and Rg„ and the olea- 
nolic ginsenoside Ro. 

Data analyses were carried out using the general linear 
model procedure of the SAS (SAS Institute Inc., Cary, 
NC, USA) at a probability level of 0.05. In the absence 
of significant interactions and main effects, data were 
pooled for analysis. 

There was no significant effect of harvest date so data 
were pooled for analysis. 

RESULTS AND DISCUSSION 

Leaflet age 

Leaflets of the 2-year-old plants had the lowest fresh 
and dry weight, area,volume and internal gas volume 
(Table 1). In this regard, two-year-old plants are devel- 
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Table 1. Leaflet characteristics of non-flowering (NF) and flowering (F) 2, 3, and 4 year-old North American ginseng plants 



Age of plant and flowering status 

Leaflet characteristics" 

2yrNF 3yrF 3 yr NF 4 yr F 4yrNF 



Fresh wt (g) 


2.22 (c) 21 


3.76 (b) 


4.09 (b) 


3.76 (b) 


5.31 (a) 


Dry wt (g) 


0.56 (c) 


0.87 (b) 


0.94 (b) 


0.89 (b) 


1.29 (a) 


Leaf water content (g g"') 


0.75 (b) 


0.77 (a) 


0.77 (a) 


0.76 (a) 


0.75 (b) 


Specific leaf mass (g m" 2 ) 


36(b) 


34 (b) 


34 (b) 


35(b) 


39(a) 


Volume (mm 3 ) 


1727 (c) 


2971 (b) 


3197(b) 


3031 (b) 


4339 (a) 


Density (mg nun" ) 


1.29 (a) 


1.26 (a) 


1.40 (a) 


1.24 (a) 


1.20 (a) 


Thickness (urn) 


112(b) 


116(b) 


113(b) 


116(b) 


130 (a) 


Internal gas volume (nun') 


232 (b) 


500 (a) 


620 (a) 


532 (a) 


656 (a) 


Total chlorophyll (\ig cm" 2 ) 


29.0 (b) 


29.6 (b) 


27.2(b) 


33.2(a) 


33.4 (a) 


Chlorophyll a (ug cm" 2 ) 


20.8 (b) 


20.9 (b) 


19.6(b) 


23.8 (a) 


24.1 (a) 


Chlorophyll b (fig cm" 2 ) 


8.2 (b) 


8.7(b) 


7.8(b) 


9.1(a) 


9.4 (a) 


Chlorophyll a/b ratio 


2.54 (b) 


2.40 (a) 


2.58 (b) 


2.61 (b) 


2.56 (b) 



'Each value is a mean for 20 leaflets. 

'Mean separation within leaflet characteristics by Duncan's multiple range test at p=0.05. 



opmentally transitory in that their leaves have progressed 
from the small (15.4 cm 2 ) (Table 1) trifoliate leaf (stage 
109) [4], to the larger (26.4 cm 2 ) (Table 1) 3- to 5-foliate 
leaves (stage 119) [4]. The 2-year-old leaflets were the 
smallest and had the lowest dry weight; dry matter of 
these leaflets was 25% which, expressed as LWC, was 
0.75 g g" 1 (Table 1). Generally LWC varied little with age 
ranging from 0.75 to 0.77 g g" 1 (Table 1). 

Chlorophyll content 

Total chlorophyll content was similar in 2- and 3 -year- 
old plants (range, 27.2 to 29 |ug m" 2 ) and lower than in 
4-year-old plants (mean, 33.3 ug m" 2 ) (Table 1). The 
higher chlorophyll content of the 4-year-old plants may 
be due to the greater leaf thickness and a tendency to 
larger internal gas volume as chloroplasts congregate 
in a single layer on the cell wall/air interface. The chlo- 
rophyll a/b ratio ranged from 2.40 to 2.61 (Table 1) 
which is higher than that of three shade species, Cissus 
rhombifolia Planch, Fatsia japonica Decne & Planch, 
Philodendrom scandens Koch & Sell, mean of 1.41 [25], 
but similar for shade leaves of hazelnut (Corylus avel- 
lana L.) (-2.50) growing at 60% shade [26]. Apple leaves 
growing in full sun had a chlorophyll a/b ratio of 2.46 to 
2.80 [27]. The lower chlorophyll a/b ratios are thought 
to be an adaptation to enhance absorption of limited red 
light in a shade environment and to maintain the energy 
balance between photosynthetic system (PS)II and PSI 
[28,29]. 



Inflorescence removal effects 

Inflorescence removal in 3 -year-old plants had no sig- 
nificant effect on leaflet characteristics (Table 1) although 
there was a trend towards increases in, for example, fresh 
and dry weight, leaf area and volume. In contrast, in four- 
year-old plants, inflorescence removal increased leaflet 
FW (38.6%) and dry weight (43.9%), leaf area (29.1%), 
specific leaflet weight (11.4%), leaflet volume (43.1%), 
and thickness (12.1%) and decreased leaflet water con- 
tent (6.2%) (Table 1). 

Specific leaflet mass 

Our specific leaf mass (SLM) data for the understo- 
rey herbaceous ginseng cultivated under artifical shade 
gave a mean of 35.6 g m" 2 (range, 34 to 39 g m" 2 ) (Table 
1). Pyankov et al. [30] reported a mean SLM of 36.2 g 
m"~ for herbaceous species growing in open sunny habi- 
tats in south-eastern Canada; understorey herbaceous 
plants had a mean SLM of 22.5 g m" 2 (range, 16.9 to 
30.5 g m" 2 ). Therefore, cultivated ginseng has the SLM 
of a sunny habitat plant rather than that of a shaded envi- 
ronment. Our earlier work with forest-grown ginseng [1] 
showed that sunfleck duration best modeled shoot and 
root dry weight suggesting that it uses direct sunlight and 
is performing as a sunny habitat plant. This also comple- 
ments the data for chlorophyll a/b ratios reported above. 

Gamier and Laurent [31] showed that the SLM was 
greater in perennial grass species than in annual species 
(36.8 vs. 30.9 g m" 2 , respectively). A mean SLM of 35.6 
g m"~ for ginseng (Table 1) places it in the perennial plant 
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Table 2. Linear regression analyses data showing the statistical dependencies of specific leaf mass (SLM, gnf 2 , dependent variable) and leaf 
thickness (pm, independent variable) for North American ginseng leaves of different ages on non-flowering (NF) or flowering (F), n=20, plants 



Plant age, NF or F 


Range of values, 
SLM (gm~ 2 ) 


Range of values, 
leaf thickness (urn) 


Intercept 


Slope 


R 2 


2 yr (NF) 


28.3- 48.3 


87.4-136.4 


2.5 


0.30 


0.66 


3 yr (NF) 


22.7-43.4 


90.7-147.4 


6.3 


0.23 


0.34 


3yr(F) 


24.7-44.2 


89.1-133.3 


8.4 


0.22 


0.29 


4 yr (NF) 


33.7-48.3 


105.5-160.0 


9.3 


0.23 


0.58 


4yr(F) 


25.2-41.8 


90.0-129.5 


-2.3 


0.31 


0.58 


All ages and treatments («=100) 


22.7-48.3 


87.4-160.0 


6.1 


0.25 


0.47 



category. Ginseng is an herbaceous perennial [4] and in 
all three plant ages (2, 3 and 4 years) (Table 1) the leaves 
had the SLM of a perennial, not of an annual. Specific 
leaflet mass of ginseng was similar for the three leaf ages 
(mean, 35.6 gm" 2 ) (Table 1), the only significant excep- 
tion was the SLM of 39 g m" 2 for leaves on non-flowering 
4-year-old plants. The higher SLM in 4-year-old NF vs. 
F plants is consistent with the finding of greater biomass 
allocation (34.7%) [5] to the roots of such plants. 

Specific leaf mass and leaf thickness 

SLM increased with leaflet thickness over a wide 
range of thicknesses (Table 2). For instance, in two- 
year-old ginseng leaflet thickness ranged from 87.4 to 
136.6 um while in four-year-old non-flowering plants 
it ranged from 105.5 to 151.6 urn. These thickness val- 
ues are much lower than those for sun grown leaves of 
apple which were 150 to 250 um [27] but similar to the 
ornamental shade species, C. rhombifolia (grape or oak- 
leaf ivy) with a value of 114 um [25]. C. rhombiafolia, 
although a shade species, is relatively light tolerant as is 
ginseng when exposed to short-term direct sunlight as in 
sunflecks [1]. 

The accompanying regression analyses data for SLM 
and leaflet thickness (Table 2) show that the coefficient of 
detennination (R 2 ) , with the exception of the three-year- 
old leaflets, leaf thickness accounted for 47% (all data) 
and 66% (two-year-old leaflets) of the variation in SLM. 
The reason for the variation in the data for the three-year- 
old leaflets is unknown. 

Ginseng leaf features 

Specific leaf mass, lamina thickness, stomatal density, 
light compensation point, dark respiration, net photosyn- 
thesis, stomatal conductance and chlorophyll a/b ratio for 
shade obligatory ginseng leaflets were similar to those of 
other shade plants [25] but lower than reported values for 
sun-grown leaves of a range of plants (Table 3). These 



adaptations of ginseng are a reflection of its ability to 
cope with the lower end of the light gradient, i.e. about 
20% to 30% of full sunlight [1,6,10]. 

The ability of plants to survive and grow at low light 
levels is complex [32]. A simple field measure of shade 
tolerance known as the whole-plant light compensation 
point (WPLCP) has been developed [33]. Dark respira- 
tion (RJ is the single best predictor of WPLCP [33] (Table 
3) and is correlated with leaf-level light compensation 
(LLCP). Our values for R d and LLCP in Table 3 agree 
well with those of Baltzer and Thomas [33], for 20 tree 
species saplings grown in shade. For example, LLCP for 
ginseng is 5 umol m~ 2 s" 1 (Table 3) while for the 20 tree 
saplings it ranged from 3.6 to 5.3 umol m" 2 s" 1 [33] (Table 
3). This suggests that studies of these traits may provide 
a better understanding of the shade tolerance of a wide 
range of plants. 

One of the main leaf features of ginseng as an obligate 
shade plant, whose natural habitat is the understory of 
temperate deciduous hardwood forests, is that it is sensi- 
tive to light [1]. It is photo inhibited with associated tissue 
damage at about 500 |imol m" 2 s" 1 (Table 3) whereas sim- 
ilar damage in non-obligatory shade plants grown in full 
sun is at about 2,000 umol m V 1 [34]. Sun leaves have 
a high capacity for photosynthetic electron transport and 
for photoprotective thermal energy dissipation; ginseng 
shade-growing leaves have a low capacity for photo- 
synthetic electron transport and for dissipation of excess 
excitation energy. The specific nature of this response of 
ginseng leaves remains to be elucidated [35]. 

Inflorescence removal and ginsenoside content 

Inflorescence removal by hand or by an ethephon 
spray did not influence the total ginsenoside concentra- 
tion in either roots or leaves (Table 4). The ginsenoside 
concentrations reported here for roots and leaves are 
similar to those reported by Jackson et al. [15] and Li 
and Mazza [16]. There was considerable variation in the 
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Table 3. Plant features associated with the shade-cultivated North American ginseng compared to sun-grown plants 



Feature 

Leaf anatomy and morphology 
Specific leaf mass per area (g m" 2 ) 
Lamina thickness (jxm) 
Stomatal density (mm'") 

Leaf physiology and biochemistry 

Light compensation point (umol m" 2 s" 1 ) 
Dark respiration rate (gC0 3 m" 2 h"') 
Net photosynthetic rate (gC0 2 rn~ 2 h" 1 ) 
Sunfleck use efficiency 
Sensitivity to photoinhibition (umol m" 2 s" 1 ) 
Stomatal conductance (mm s" 1 ) 
Chlorophyll concentration (ug cm" 2 ) 
Chlorophyll a/b ratio 



Expected value for shade-cultivated ginseng 

34-39 [Table 1] 
112-130 [Table 1] 
35-136 [2] 

5 [9] 
0.03 [9] 
0.39 [9] 
High[l] 
500 [Proctor, unpublished] 
1.0-2.4 [2] 
29.0-33.4 [Table 1] 
2.40-2.61 [Table 1] 



Expected value for sun-grown species 

79 [39] 
173-183 [31] 
40-300 [40] 

8-16 [40] 
0.22 [41] 
1.60 [41] 
Not comparable 
2000 [34] 
2-10 [42] 
40.0-53.0 [28] 
3.0 [40] 



Data presented are from the experiments reported herein, or from published sources listed in the [References]. 



Table 4. Total ginsenoside content (mg g" 1 dry wt) of 3-year-old 
North American ginseng roots and leaves of plants where the inflo- 
rescences remained on the plant (control), removed during bloom by 
hand, or removed during bloom by an ethephon spray at 1 ,500 mg L" 1 



Total ginsenosides (mg g"') 

Treatment 

RootsiSD LeavesiSD 



Control, inflorescence retained 


70.8±10.9 


61.8±12.3 


Inflorescence removed by hand 


69.8±4.6 


62.6±6.7 


Inflorescence removed by ethephon spray 


62.6±7.7 


66.1±10.3 


Mean 


67.7±8.4 


63.5±9.5 



ginsenoside content which is reflected in the large stan- 
dard deviation values in Table 4. For instance, the total 
leaf ginsenosides were 61.8±12.3 mg g 1 . Similar large 
standard deviations for total ginsenosides have been 
reported by Smith et al. [36] and Starratt et al. [37] and 
likely reflect the genetic variability of the crop which is 
essentially a wild species. 

Summary and conclusions 

Considerable progress has been made worldwide to 
design ginseng gardens for optimum light interception 
for use in photosynthesis and dry matter production as 
the dried root is the economic product. The next stage is 
to integrate measurements of light fluxes at the leaf level, 
and within plant tissues, with the physiological processes 
that depend on light. 

The examination of the relationships between leaf 
anatomy and morphology, as reported here, light gradi- 
ents, and photosynthetic performance at the whole leaf 
level, and within the leaf, are particularly important. For 



instance, maximum photosynthesis is correlated with the 
amounts of compounds that determine photosynthetic ca- 
pacity. These are located in the greater number of chloro- 
plasts per area and the larger stroma volume and stroma- 
exposed thylakoids in chloroplasts [38]. Such studies will 
advance our understanding of leaf structure and function. 
These in rum will help in ginseng garden design and pro- 
vide fundamental information about photosynthetic re- 
sponses to stressful changes induced by fluctuating light 
and temperature. 
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